Introduction
Business decision making nowadays is associated with Business Intelligence (BI) and is a key factor for success in different fields of business decision making. Business intelligence relies on analytics experts with capabilities to support decision processes [4] . Effective BI requires analysis with high level of specialization in analytics due the variety of tools and methodologies used to analyze data. This is why BI mixes data mining, algorithms, visualization and other approaches to help businesses make better decisions [7] . To improve decision making, business decisions, in many organizations, rely on group decision making. Group decision making provides better decisions by involving a group of experts in the decision making process. Group decision problems are multidimensional and the decision has to be based on procedures that explicitly require the integration of a broad set of various and conflicting points of view by means of Group Decision Support Systems (GDSS) defined as a class of electronic meeting systems [12, 13] . On the other hand, the development of applications needs to follow the business requirements for faster 220 delivery to the market at lower costs using the latest infrastructures. This is related to the usage of higher level of abstraction, contributing to improving the productivity and ease of writing complex applications. The advantage of software development as model driven development tools enable these transformations to be specified and executed automatically, using supporting languages and tools for model driven development [3] . The modern BI and analytics platform has emerged to meet new organizational requirements for accessibility, agility and deeper analytical insight [6] .
Background research
Strategic management recognizes business intelligence as a concept and tool to gather and process data from different sources to help in decision making processes. The benefits from use of BI tools improve the profits and gain competitive advantages. Business intelligence could be implemented by different models and techniques to improve the multi-criteria decision making. Depending on the nature of MCDM problems multi-criteria decision making models can be based on fuzzy relations and weighting functions for the criteria to express the preferences of DM [18] [19] [20] [21] [22] [23] . Another approach to MCDM is using interactive environment implementing scalarizing and evolutionary methods [8] . In this way the system can be targeted to preferences of different types of users -researchers, educators and business people. In reality, typical BI involves financial analysis, marketing planning, general management, field staffing, upstream supplying, etc. The multidimensional nature of MCDM requires taking into account different points of view about importance of criteria by group decision making [10-16, 23, 25] . A distinctive feature of group decisions is the ability to accumulate the knowledge and skill of variety of experts involved in this process. The Group Decision Making (GDM) combines advantages from both rational and social models and can be implemented in Web based GDSS where criteria descriptions are expressed by linguistic terms [10, 11] . Different consensus models for group decision making can also be implemented as Web-based applications [1, 16] . Many techniques are proposed to cope with the Multi-Attribute Decision Making (MADM) problems [24] . The problems of MADM can be approached by combinatorial algorithm for alternatives ranking based on sequentially solving of several multi-criteria optimization tasks [14] . Another approach to MCDM is reducing the given set of alternatives to k-best alternatives that can be used for final selection of the best alternative from the executive managers [2] . The problems of MADM suppose the existence of limited number of alternatives that are usually characterized by conflicting criteria. Taking into account the complexity of real MADM problems, using a group of experts with different skills seems to be a powerful technique for the selection of the most appropriate alternative.
A critical factor for the success of BI is delivering of analytical information to the end-user via standard Web technologies and enabling the Decision Makers (DMs) to access this information in a unified intuitive way. Many of the proposed Webbased applications for group decision making deals with multiple types of linguistic preference relations or incomplete preferences, or are designed for group decision making in fuzzy environment [1, 23, 25] . In contrast to these approaches, the described Business Intelligence Group Decision Support System (BI-GDSS) considers the knowledge level of the experts involved. In the cases, when the members of the group have different level of expertise it is expressed through corresponding weighting coefficients of their opinions. This facilitates the managerial staff to express the direction of company development prospects. For the goal a combinatorial optimization model for group decision making, taking into account the differences in knowledge level of experts is described. This model is implemented in a Web application for BI-GDSS.
Group decision making model with business intelligence
An important part of the modern decision science is the MADM involving evaluation of multiple attributes of a given set of alternatives. The decision making purpose is to find the most acceptable alternative from a discrete set of feasible alternatives according to the evaluated attributes. For the goal, a group of DMs evaluate alternatives while considering fundamental criteria in alternatives' assessment process. It is assumed that the involved group members have different knowledge, skills, and experience. That implies taking into account the competencies of DMs in the final selection of alternative. A standard feature of MADM methodology is the representation of the input data as a decision table also known as Weighted Decision Matrix (WDM). The multi-attribute decision making can be performed by methods based on the Multi-Attribute Utility Theory (MAUT) or by outranking methods [5] . The paper considers approach based on aggregation of the different criteria into a function, which has to be maximized. The used weights and scores represent the alternatives performance where evaluation criteria are associated with weights within scale 0 to 10. In contrast to authors' previous work [15] , the proposed GDM modeling approach considers explicitly not only weight of each DM about criteria importance; DMs evaluations of alternatives via scores; but also and weight coefficients to express the importance of each DM. The corresponding WDM structure is shown in Table 1 .
In WDM the higher values of evaluations scores mean a better performance and the final goal is to maximize the outcome of decision (any goal of criteria minimization can be transformed into a maximization goal). 
Using the structure of WDM shown in Table 1 , the following combinatorial optimization model for group decision making is represented: 
Numerical illustration
In order to illustrate the applicability of the proposed group decision making model (1)-(4) described in Section 3 some numerical testing is done. A real case example for software engineering problem adapted from [9] is used where a group of six DMs have to take a decision about some software engineering problem. The GDM problem is composed of 19 criteria and three alternatives shown in Table 2 . Effectively handles the gathering of local requirements 10 4 10 10 10 8 3 1 9 1 2 1 5 10 7 3 2 7 3 7 2 8 9 9
c6
Effectively handles the gathering of Enterprise requirements 10 2 8 6 6 8 4 5 3 1 2 1 10 5 7 8 7 7 5 9 2 7 7 3 c7 Provides project visibility to contract PMO 6 6 6 8 8 6 8 9 4 2 2 8 9 6 10 7 5 10 7 4 6 7 8 8 c16 Manages and operates resources more efficiently 4 4 8 10 10 10 7 8 1 1 1 1 7 9 9 8 7 9 7 10 1 7 8 7
c17
Will be supported by local customers 6 6 10 10 10 6 10 9 10 7 5 10 3 8 4 5 4 5 5 9 2 8 8 7 c18 Development environment is reachable by all resources 6 8 8 10 10 6 4 4 1 1 1 1 2 6 1 1 1 1 1 10 1 1 2 1 c19 Realign resources to handle surge 4 2 6 10 10 4 4 2 1 1 2 1 8 8 6 7 6 8 3 8 2 6 5 6 Two set of weighted coefficients are used to express the importance of each DM as shown in Table 3 . The best alternative obtained by solution of (1)- (4) for these input data are shown in the last column of Table 3 . The weights of experts can play significant role within process of group decision making. Different competency weights of DMs lead to determination of the Alternative 3 as the best alternative instead of Alternative 2 obtained for equal competency of experts. The testing shows that distribution of evaluations values among alternatives is also important. When alternatives have close evaluation values, the weights of DMs influence considerably the determination of the best alternative. If the difference between alternatives evaluations is more expressed then the optimal solution shows a significant resilience in relation to changing of values of DMs competency weights.
Architecture of Web-based BI-GDSS
The aim of proposed BI-GDSS is to assist the BI in decision making, considering the described modelling approach in Section 3. The Web-based BI-GDSS can be represented as interactive computer-based information system that combines the 224 modern computer capabilities, Internet, database, and decision making methods to support the identification, analysis, formulation, evaluation, and solution of problems by a group in a user-friendly computing environment. The architecture of the proposed GDSS developed as three layer client-server architecture (Fig. 1) .
Fig. 1. Architecture of proposed BI-GDSS
The presentation layer contains the User Interface (UI) and manages user interaction. The components of UI are designed for input and output of information encapsulated in the application. The UI has comprises the needed logic for navigation delivered in separate UI components. In most cases, their specific role is to provide the user interface for the data included in the application logic, to interpret user interactions, and to send all requests to the components of presentational logic that define how input data refer to data of the application. The business layer manages the workflow of data and their processing. It communicates with both the presentation layer and the database. The used logic serves to prepare the visualization of data, the validation of data, etc. In this layer the mathematical model (1)- (4) is implemented. The business layer coordinates the application, performs logical decisions, calculations, and processes commands when the user activates a function by UI. The data layer is responsible for access and storage of data. The data layer does not have business logic, but may have logic associated with the processing of data in the data warehouse itself. The access to the data layer is only through the business layer, and then the resulting data is passed back to the user interface of the application.
Implementation of BI-GDSS
The implementation of Web-based BI-GDSS integrates numerous technologies as HTML, JavaScript, DOM, and XML. All of these technologies together with asynchronous communication are known as Ajax [17] . Thanks to Ajax, a powerful application for the goal of group decision making, using BI can take place. The developed application of BI-GDSS helps to make reasonable decisions in complex situations when a group of DMs have different criteria and alternatives evaluation. An important requirement for the effectiveness of any group decision making system is existence of intuitive interface that provides easy access to the integrated functionality without need of specific mathematical background. The Graphical User Interface (GUI) for entering input data is provided by two access levelsadministrative level and evaluation level (for DMs). The administrative level enables to setup the parameters of GDM problem as shown in Fig. 2 . The input data of particular GDM problem include: name of the problem, number of DMs, number of alternatives and evaluation criteria. When these parameters are known the WDM can be generated. The names and weight of DMs is entered together with description of evaluation criteria and alternatives on next screen as shown in Fig. 3 . In real GDM problems, there might be situations where some of the DMs might not be able to express the preferences between two or more of the available alternatives. This may be due to an expert not possessing a precise or sufficient level of knowledge of part of the problem to be solved, or because that expert is unable to discriminate the degree to which some options are better than others. In such situations, corresponding weighting coefficients reflecting the level of DM knowledge could be used (Fig. 3) . The description of different problems for group decision making can be stored in advance and can be invoked by drop-down menu. Selection of stored problem allows loading the WDM with evaluations of DMs. The DM screen for entering the evaluation scores is shown in Fig. 4 .
It consists of number of evaluation criteria and is used to express the alternatives performance toward these criteria. Each criterion is assessed by setting the weighting coefficients reflecting its importance from the DM's point of view. It consists of a number of evaluation criteria and is used to express the alternatives performance toward these criteria. Each criterion is assessed by setting the weighting coefficients reflecting its importance from the DM's point of view. The entered data of each DM is stored in data warehouse (data layer). All of these evaluations are used to generate WDM on the administrative level and group decision making alternative is determined (Fig. 5) . Involving multiple DMs contribute to preventing prejudice and reducing siding in the decision making process. The degrees of importance of all DMs are determined according to special characteristics of each DM such as: specialization, experience, knowledge, shown to the moment abilities, etc. The final decision is taken by high level executive management by taking into account the determined best alternative as result of using of such mathematically reasoned BI-GDSS.
Conclusion
A business intelligence group decision support system based on combinatorial optimization model is described. A specific feature of the proposed model is that it takes into account not only evaluations of group members but also the importance of the opinions of all involved experts. The described business intelligence group decision supporting system is realized as Web application and can be used by executive managers as a mathematically reasoned tool. It is based on three levels client-server architecture and two levels of access: 1) administrative -for problem description, and 2) evaluation -for DMs scoring. The proposed modelling approach leads to the formulation of a single criterion mixed integer optimization task whose solution defines the optimal alternative accordingly evaluations of group of experts with different knowledge, experience and importance. This decision making approach is implemented in the business logic layer and solution definition process remains hidden for the user. The testing results show the ease in entering input data via GUI and prove the effectiveness of the proposed approach and its advantages for users without specific mathematical background. As a future development this approach can be modified to reflect other requirements about the decision making process.
